Introduction: To study the visual outcome of AcrySof toric intraocular lens (IOL) implantation in patients having cataract associated with astigmatism. Materials and Methods: In this prospective interventional case series, 30 eyes of 28 patients with preoperative astigmatism of 1.5-4.5 D cylinder underwent phacoemulsification with AcrySof toric IOL implantation. All patients were assessed on day 1, 1 week, 1 month, 2 months, and 3 months postoperatively. The outcome measures were uncorrected visual acuity (UCVA), refractive cylinder, and degree of IOL rotation. Results: Mean UCVA improved significantly in study eyes (P < 0.05) at 3 months. The mean refractive astigmatism reduced from the preoperative value 3.05 ± 0.06 D to 0.208 ± 0.058 D (P = 0.001). The mean axis of rotation was 2.76 ± 1.88°in all eyes. Ninety percent of all eyes had mean axis of IOL rotation 10°. Only three eyes had mean axis of rotation 10°or more. Conclusion: AcrySof toric IOL implantation is an effective method to correct preoperative astigmatism in cataract patients.
INTRODUCTION
An increasing goal of modern cataract surgery is to make patient spectacle independent. Myopia and hyperopia can be corrected by implanting a suitable intraocular lens (IOL) and decrease the chances of spectacle dependence in these patients postoperatively. [1] Astigmatism is a frequent cause of poor uncorrected visual acuity (UCVA) post-cataract surgery. Astigmatism after cataract surgery causes significant visual blur and asthenopic symptoms, so it becomes imperative to reduce the pre-existing astigmatism. The focus of modern cataract surgery has now shifted toward eliminating the preexisting astigmatism. [2, 3] Various measures namely small incisions, [4, 5] arcuate keratotomy, [6] limbal relaxing incisions, [7] excimer laser, [8] and opposite clear corneal incision [9] to reduce postoperative astigmatism have been described in the literature.
Toric IOL implantation offers a good, predictable, and stable method of correcting preoperative astigmatism. Several studies have published the successful visual and refractive outcomes after the implantation of different types of toric IOL. [10] [11] [12] [13] [14] [15] [16] [17] In our case series, we report the various outcome measures in patients undergoing phacoemulsification with AcrySof toric IOL implantation. We also analyzed the mean corneal incision axis and mean axis of IOL placement, which have been reported rarely.
MATERIALS AND METHODS
This prospective interventional study was conducted at a tertiary level referral hospital from March 2012 to August 2013. In this study, 30 eyes of 28 patients of age group between 50 and 80 years were operated by a single surgeon (JK) using topical anesthesia. All patients were provided informed written consent to enroll for the study. Ethical clearance of hospital ethical committee was obtained prior to initiating the study. The study was conducted as per the guidelines laid down by Declaration of Helinski.
Patients aged between 50 and 80 years with senile cataract grade II to IV nuclear or corticonuclear (LOCS III), with preexisting regular corneal astigmatism of equal or more than 1.50 D up to 4.5 D, with no other ocular disease, and willing for follow-up for 3 months were enrolled in study. Patients with corneal astigmatism <1.5 D and >4.5 D, irregular astigmatism, corneal infection, and opacities, and any previous ocular surgery were excluded from the study. Preoperative evaluation included refraction, slit lamp examination, keratometry, and fundus examination. IOL power calculation was done with ultrasound A scan. Correct toric IOL model, spherical equivalent power, and optimal axis of placement were determined using online toric IOL calculator (www.acrysoftoriccalculator.com) after considering personalized surgically induced astigmatism (SIA).
Marking of axis of incision and intraocular lens placement
The axis was marked on the cornea with a reference marker with patient sitting in upright position at the slit lamp to prevent cyclotorsion in the supine position which may vary from 2°to 4°on an average. The coaxial thin slit of slit lamp turned to 0°-180°. The limbus was marked at horizontal position with sterile ink pen. Intraoperatively, the preoperative horizontal marks are used to position an angular graduation instrument. The actual alignment axis was marked using a toric axis marker.
Surgical technique
Phacoemulsification surgery using 2.8 mm clear corneal incision based on axis of incision calculated by online toric IOL power calculator between 90°and 180°meridian without adjusting for the steep meridian was performed in all cases by a single surgeon. The capsulorrhexis was fashioned in a manner so as to achieve a diameter between 5.0 and 5.5 mm. After the phacoemulsification was completed and the ophthalmic viscosurgical device is injected, the single piece hydrophobic acrylic toric IOL (AcrySof, Toric IOL, Alcon Laboratories, Fort Worth, TX) was used in all the cases. The marks on the toric IOL indicating the flat meridian or plus cylinder axis of the toric IOL were identified and aligned with the marked alignment axis. First, gross alignment was achieved by rotating the IOL clockwise while it is unfolding, until approximately 20°-30°short of the desired position. Once the ophthalmic viscosurgical device is being removed, the IOL was rotated to its final position by exact alignment of the reference marks on the toric IOL with the limbal axis marks.
Postoperative assessment
In the postoperative period uncorrected and best-corrected visual acuity were assessed at 1, 4, 8, and 12 weeks. IOL rotation, if any, was noted and the amount of off axis rotation was assessed. The number of cases requiring secondary intraocular surgery for realignment of IOL and other complications if any was recorded. Postoperatively, all the patients were treated with topical steroid and antibiotic eye drops for 4-6 weeks. Proper documentation of all the findings in the study was prepared.
Statistical analysis
The data were subjected to statistical analysis. Statistical analysis was performed using the Statistical Package for the Social Sciences (SPSS) for Windows software (version 16.0, SPSS, Inc., Chicago, IL, USA). Paired t test was used to compare the postoperative parameters with preoperative parameters.
RESULTS
The mean (± standard deviation (SD)) age of all patients was 58.80 (±6.65) years with range of 50-75 years. Two cases had bilateral cataract and rest 28 patients had unilateral involvement. Various preoperative characteristics of patients are shown in Table 1 .
Visual acuity
The mean UCVA improved significantly from preoperative 0.79 ± 0.1 (logMAR) to 0.05 ± 0.06 postoperatively at 3 months. All patients achieved 20/40 or better UCVA at 3 months after the surgery, in which 60% (n = 18) of eyes were able to see 20/40, while 40% (n = 12) achieved 20/20.
Astigmatism
Pre-and postoperative corneal and refractive astigmatisms were assessed. Astigmatism induced by the incision was less than or equal to 0.50 D in all cases. No statistical difference was observed between pre-and postoperative corneal astigmatism. The change in average K for the complete study is 0.367 ± 0.0317 (0.302-0.431) which was not significant (P = 0.269).
Mean final refractive astigmatism for the study at 12 weeks post-op was −0.208 ± 0.058 (−0.327 to −0.089) [ Table 2 ]. There was a mean reduction of −2.832 ± 0.073 D (−3.055 to −2.61) from preoperative value of −3.04 ± 0.059 D (−3.161 to −2.92) to postoperative value of −0.208 ± 0.058 D (−0.327 to −0.089) at 12 weeks, which was of high statistical 
Incision location
Incision axis of the 30 eyes ranged from 70°to 160°. We observed incisions axis at various locations such as 70°( n = 1), 75°(n = 1), 80°(n = 6), 90°(n = 7), 110°(n = 7), 120°(n = 2), 130°(n = 2), 135°(n = 1), 140°(n = 2), and 160°( n = 1). The mean incision axis for the study was 103.33 ± 4.397°(94.34-112.33). The incision size in all cases remained 2.8 mm.
Intraocular lens axis placement in capsular bag
Intraoperative IOL axis placement in the capsular bag depends on axis of horizontal and vertical keratometric values (K1 and K2) which neutralize the cylinder value at corneal plane, so every patient's IOL axis placement will depend on its K1 and K2 axes and will be different in each case. In our study, we noticed that IOL placement axis values were found to be between 0°(i.e., 180°) and 165°with mean placement axis of 88.73 ± 9.51°(69.29-108.17).
Rotational stability
The IOL rotation was assessed under slit lamp with rotating slit in dilated pupil. Mean rotation of the study eyes was 2.76 ± 1.88°. Patients were observed for an average of 12-week duration, and 90% of all IOLs remained stable within 10°of the target axis. In 10% of eyes (n = 3 of 30), an IOL rotation of about 10°or more occurred. In two of these three eyes, we did not rotate the IOL because the patient was satisfied despite residual astigmatism. Another eye with residual astigmatism, further rotation was performed 4 weeks postoperatively which was successful.
Complications
No significant intraoperative complication was noticed in any of the study eye.
DISCUSSION
Though implantation of toric IOL has gained the importance in patients with cataract associated with corneal astigmatism, this procedure is not without many issues such as poor visual gain, rotational instability, residual refractive error, and myopic shift. This study reported the various outcome measures namely UCVA, corneal astigmatism, refractive astigmatism, axis of corneal incision, axis of IOL placement, and rotation instability.
The mean UCVA improved significantly in patients after phacoemulsification with toric IOL implantation. In this study, all patients were able to see 20/40 or better unaided out of which 60% (n = 18) of eyes were able to see 20/40 unaided after 12-week post-op follow-up, while 40% (n = 12) achieved 20/20 unaided. Bauer et al., [18] in a case series of 53 eyes of 43 patients reported more than 90% of patients with UCVA of 20/40 or better and 80% achieved UCVA of 20/25 or better with AcrySof toric IOL implantation. Kim et al., [19] in their case series of 30 eyes of 24 patients reported 73.3% patients with UCVA of 20/25 or better after AcrySof toric IOL implantation. The mean logMAR UCVA of 0.081 was reported in a series of 64 eyes of 40 patients after cataract surgery with AcrySof toric IOL implantation by Farooqui et al. [20] Our results compared favorably with previous studies and demonstrate good postoperative vision and likely spectacle independence for distance tasks.
The mean baseline cylinder for our study group was −3.04 ± 0.059 D, which was reduced to 0.208 ± 0.058 D after AcrySof toric IOL implantation. We observed a significant improvement in postoperative refractive astigmatism in study eyes. Postoperative refractive cylinder in study eyes was reduced significantly; therefore, a reduction in refractive cylinder by using the AcrySof toric IOL was more likely to result in full spectacle independence for distance vision in patients with low to moderate degrees of corneal astigmatism. A similar trend in postoperative astigmatism 0.28 ± 0.38 D is reported by Kim et al., in their study. [19] In a randomized controlled trial, postoperative astigmatism was 0.36 ± 0.44 D in low astigmatism group (<2.25 D), 0.31 ± 0.46 D in moderate to high toric group (3.00-6.00 D).
[21] AcrySof toric IOL has been proven as a superior IOL in terms of postoperative refractive cylinder and spectacle freedom in a randomized, subject-masked 1 year study. [13] This randomized clinical trial by Holland et al., included 517 patients: 256 patients received unilateral implantation of an AcrySof toric IOL (T3, T4 or T5) and 261 patients received unilateral implantation of spherical control IOL. [13] One year postoperatively, significantly more patients in the toric group achieved an UCVA of 20/40 or better compared to the control group: 92% versus 81% of patients, respectively. Furthermore, an UCVA of 20/20 or better was achieved in significantly more patients with a toric IOL compared to a control IOL (41% versus 19% of patients). As expected, the corrected distance visual acuity results in both groups were comparable: 93% of toric and 90% of control patients achieved a corrected visual acuity of 20/ 25 or better. Toric IOLs are further found to be superior in terms of astigmatism control in systematic review and meta-analysis by Kessel et al. [22] Astigmatism induced by the incision was less than or equal to 0.50 D in all cases. The postoperative cylinder showed that the vast majority of patients require 1 D of postoperative cylinder. Preoperatively, 100% of patients had more than 1.5 D astigmatism, compared with two patients having residual of more than 1.25 D postoperatively. We summarize that toric IOLs may reduce refractive astigmatism to less than 0.25 D. However residual keratometric astigmatism was linked with the reduction in the corneal astigmatism due to effect of clear corneal incision on keratometric changes which has been invariably varying from 0.5 to 1 D cyl. It is worth considering that despite very less change in corneal astigmatism (as detected by the insignificant post-op change in average K), toric IOL neutralizes refractive astigmatism substantially due to toric component added in IOL.
Crucial to the efficacy of toric IOLs is an exact alignment of the toric IOL at the calculated alignment axis and rotational stability. Accurate marking of the alignment axis should be performed with the patient in an upright position to prevent cyclotorsion in the supine position. Most clinical studies on toric IOLs describe using a 3-step marking procedure for toric IOL implantation. The first step consists of preoperative limbal marking of the horizontal axis of the eye with the patient sitting upright to correct for cyclotorsion. This may be done with the patient seated at the slit lamp and with a coaxial thin slit turned to 0°-180°. [23] [24] [25] The limbus is than marked at the horizontal position with either a sterile ink pen or a needle. Another technique to mark the horizontal axis is by using a bubble-marker.
The correct toric alignment is always with the steepest meridian of the postoperative cornea, because the reference marks on the IOL are always on the lowest power meridian. Any deviation from aligning the lowest power meridian of the IOL with the steepest axis of the cornea will result in greater amounts of residual astigmatism. Predicting this axis with the crosscylinder solution of the SIA and original corneal astigmatism before the cataract incision is very accurate provided the original corneal astigmatism is regular and the magnitude and location of the SIA induced from the incision are precise. Because the SIA is on the order of 0.5 D or less in most small-incision surgery, the change in the axis of astigmatism will be more with lower amounts of original astigmatism than in more astigmatic corneas. Patients with 1.00 D of original corneal astigmatism will have more change in the resulting cross cylinder magnitude and axis from 0.50 D of SIA than 2.00 D of original corneal astigmatism.At 3 months postoperatively, 90% of all IOLs remained stable within 10°of the target axis. In 10% of eyes (3 eyes), an IOL rotation of about 10°or more occurred. In two of these three eyes, the IOL redialing was not performed, as the patients were satisfied and unwilling for further surgical intervention. The mean IOL rotation was 2.76 ± 1.88°and it was comparable to the mean rotation observed in previous studies. [24, 25] Mendicute et al. demonstrated the mean rotation of 3.63 ± 3.11°with rotation of <10°in 96.7 % of eyes in their series of 30 eyes with AcrySof toric IOL implantation. [23] All eyes experienced the rotation of 10°or less with the mean axis rotation of 1.75 ± 2.93°in a series of 21 eyes with toric IOL implantation. [24] Postoperative assessment of toric IOL alignment can be achieved by several methods. The most commonly used method in the clinic is assessment using a stilt lamp with rotating slit. Since the IOL marks are located at the periphery of the IOL optic, full mydriasis of the pupil is required. In our study we confirmed optical alignment by seeing clinically the axis marks on IOL periphery on slit lamp after full pupillary dilation.
This study had various limitations such as small sample size, shorter follow-up, absence of randomization, and sample size calculation. Prospective nature and strict follow-up were the strength of the study. No patient was lost to follow-up. This study showed that the AcrySof toric IOL implantation is an effective, safe, and predictable method of correcting astigmatism in cataract surgery. Proper patient selection, surgical technique, and biometry are the key factors determining the success of toric IOL implantation.
